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1
RADIATION IMAGE DETECTOR

This application claims benefit of Provisional Applica-
tions No. 60/159,004 filed Oct. &8, 1999 and 60/142,276 filed

Jul. 2, 1999.

FIELD OF THE INVENTION

The present invention relates to digital radiography and
relates more specifically to a system wherein a radiation
image 1s temporarily stored in a photostimulable phosphor
screen.

BACKGROUND OF THE INVENTION

Radiation 1mage recording systems wherein a radiation
image 1s recorded on a photostimulable phosphor screen by
exposing said screen to 1mage-wise modulated penetrating
radiation are widely used nowadays.

The recorded 1mage 1s reproduced by stimulating the
exposed photostimulable phosphor screen by means of
stimulating radiation and by detecting the light that is
emitted by the phosphor screen upon stimulation and con-
verting the detected light into an electrical signal represen-
tation of the radiation image.

Screens which are suitable for this application comprise
e.g. a BaFX: Eu”* phosphor or a divalent europium activated
cesium halide phosphor wherein the halide 1s at least one of
chloride and bromide or the like. The phosphor 1s deposited
on top of a support layer such as a plastic film.

Some phosphors among which the above mentioned
cestum halide phosphor are stable at normal temperature and
humidity conditions but tend to be hygroscopic at high
temperature and high humidity.

If a hygroscopic phosphor is exposed to moisture at
clevated temperatures, the phosphor degrades. As a conse-
quence sensitivity decreases. Since 1t 1s desirable that a
radiographic system remains stable and has a long lifetime
in all environmental conditions thus also 1n a hot and humid
environment the above effects are unacceptable.

The most obvious way to avoid problems resulting from
humidity 1s to coat the phosphor layer with a protective
layer. However, it 1s common knowledge that such a pro-
tective layer leads to light piping. As a consequence of this
ciiect the resolution of the screen degrades. This negative
effect occurs even 1n case the protective layer 1s as thin as 10
micrometer.

OBIJECTS OF THE INVENTION

It 1s an object of the present ivention to provide a
radiation detector wherein a radiation 1mage 1s temporarily
stored 1n a photostimulable phosphor screen that 1s stable
and has a long life time under severe conditions regarding
humidity and temperature.

Further objects of the present invention will become
apparent from the description hereatter.

SUMMARY OF THE INVENTION

The above mentioned objects are realised by a radiation
detector having the specific features defined 1n claim 1.

The 1nventors have found that high temperature on its
own does not damage the system nor shorten its life cycle.
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Only the combination of high temperature together with
high humidity degrades the screen.

The degradation 1s eliminated according to the present
invention by providing a radiation detector comprising in
addition to a phosphor screen the means for reading the
radiation 1image from the screen and for occasionally erasing
the screen. This detector 1s additionally provided with means
for preventing humidity to enter the detector.

The phosphor screen 1s not taken out of the detector. It
remains 1nside the enclosure of the detector during the
exposure of the system to 1image-wise modulated radiation
originating from irradiation of an object or a patient as well
as during read out of the radiation image from an exposed
screen and during occasional erasure of the screen between
SUCCESSIVE €XPOSUreEs.

According to one embodiment of the invention the detec-
tor 1s flushed by means of an an mert gas such as N, gas, Ar
cgas, dried air or the like.

The gas may be circulated inside the system so that only
a small quantity of the gas 1s needed.

Alternatively i1t can be pumped into the detector at one
location and released at another location.

Specidic features for preferred embodiments of the mnven-
fion are set out in the dependent claims.

Further advantages and embodiments of the present
invention will become apparent from the following descrip-
tion and drawings.

BRIEF DESCRIPITION OF THE DRAWINGS

The FIGURE shows a radiation detector according to the
present 1vention.

DETAILED DESCRIPTION OF THE
INVENTION

An embodiment of a detector according to the present
invention 1s shown i1n the FIGURE.

The detector comprises an enclosure (22).

Within the enclosure a photostimulable phosphor screen
(23) is positioned. This screen for example comprises a
divalent cesium halide phoshor, wherein said halide 1s at
least one of chloride and bromide.

The enclosure further comprises a source of stimulating,
light (24) arranged for stimulating said phosphor screen and
an array of transducer elements (25) for capturing light
emitted by the phoshor upon stimulation and for converting
said light 1nto an electrical signal representation.

In the 1llustrated embodiment the source of stimulating
light is implemented as a linear light source (more specifi-
cally an array of laser diodes) and the array of transducer
clements 1s also a linear array (more specifically an array of
charge coupled device elements). This embodiment can be
made very compact and provides fast read out.

The enclosure further comprises a linear erasing light
source (26) arranged substantially parallel to the stimulating
light source.

The enclosure still further comprises means (not shown)
for transporting the assembly (27) of stimulating light
source, erasing light source and array of transducer elements
relative to the phosphor screen in a so-called sub-scan
direction, indicated by arrow (28).



US 6,479,835 Bl

3

Means (29) are further provided for communicating the
clectrical signal representation output by the array of trans-
ducer elements to an external signal processing device.

In this re-usable radiation detector the phosphor screen
remains 1nside the enclosure during wrradiation, read out and
erasure.

To guarantee a low humidity the detector 1s flushed with
N2. The gas 1s pumped out of a common recipient such as
a gas cylinder into a first opening (30) in the enclosure (22).
The gas 1s released into the air through a second opening

(32) in enclosure (22).

In this embodiment the stimulating light source and the
array of transducer elements are arranged on opposite sides
of the phosphor screen. In alternative embodiment these
items may be arranged on the same side of the phosphor
screen.

The stimulable phosphor screen 1n the several embodi-
ments of the present i1nvention comprises a divalent
curopium activated cesium halide phosphor. Such a phos-
phor 1s known 1n the art and has for example been disclosed
in EP-A-174 875 (and U.S. Pat. No. 5,028,509). The phos-
phor 1s especially well suited for manufacturing ‘binderless’
phosphor screens. Binderless phosphor screens provide opti-
mal sharpness.

It 1s advantageous however to use a CsX:Eu phosphor
wherein X represents a halide selected from the group
consisting of Br and Cl, which 1s obtained by the following
method:

mixing CsX with between 107> and 5 mol % of a
Europium compound selected from the group consist-

ing of EuX',, EuX'; and EuOX', X' being a member
selected from the group consisting of F, Cl, Br and I,

firing the mixture at a temperature above 450° C.

cooling said mixture and

recovering the CsX:Eu phosphor.
A phosphor that has been obtained as a result of the above

method of preparation has an increased conversion effi-
ciency compared to the state of the art divalent europium
activated cesium halide phosphor. The phosphor can be
stimulated by means of a lower amount of stimulation
energy.

A photostimulable phosphor screen using such a phosphor
1s preferably obtained by the method of

preparing said CsX:Eu phosphor by firing a mixture of
said CsX with between 10-3 and 5 mol % of an

Europium compound selected from the group consist-
ing of EuX',, EuX'; and EuOX', X' being a halide
selected from the group consisting of F, Cl, Br and I and

applying said phosphor on a substrate by a method
selected from the group consisting of physical vapor
deposition, thermal vapor deposition,, chemical vapor
deposition, radio frequency deposition and pulsed laser
deposition.

This method of preparation 1s advantageous because it
allows to deposit the phosphor 1n the form of needle-shaped
crystals. These needle-shaped phosphor crystals act as light
ouides so that they reduce the lateral spreading of light 1n the
phosphor layer. Reduced lateral light spread leads to 1images
of higher resolution.

Alternatively a phosphor screen containing a CsX:Eu

stimulable phosphor, wherein X represents a halide selected
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from the group consisting of Br and C1 can also be manu-
factured by performing the steps of:

bringing multiple containers of said CsX and an
Europium compound selected from the group consist-
ing of EuX',, EuX'; and EuOX', X' being a halide
selected from the group consisting of F, C1, Brand I in
condition for vapor deposition and

depositing, by a method selected from the group consist-
ing of physical vapor deposition, thermal vapor
deposition, , chemical vapor deposition, electron beam
deposition, radio frequency deposition and pulsed laser
deposition, both said CsX and said Europium com-
pound on a substrate 1 such a ratio that on said
substrate a CsX phosphor, doped with between 10~ and
5 mol % of an Europium compound, 1s formed.

This method of preparation 1s advantageous because it

likewise allows to deposit the phosphor 1n the form of
needle-shaped crystals. These needle-shaped phosphor crys-
tals act as light guides so that they reduce the lateral
spreading of light in the phosphor layer. Reduced lateral
light spread leads to 1mages of higher resolution.

The above decribed phosphor and photostimulable phos-
phor screen have been described extensively 1n the follow-

ing U.S. provisional applications that are incorporated
herein by reference: 60/159,004 and 60/142,276.

What 1s claimed 1s:
1. A radiation age detector comprising

a photostimulable phosphor screen,

at least one source of stimulating light arranged for
stimulating said phosphor screen,

an array ol transducer elements arranged for capturing
light emitted by the phoshor screen upon stimulation
and for converting said light into an electrical signal
representation of said 1image,

an enclosure enclosing said photostimulable phosphor
screen, sald assembly of stimulating light source and
said array of transducer elements,

interfacing means for communicating said electrical sig-
nal representation to an external signal processing
device, means for preventing humidity from entering,
said enclosure. including means for flushing said enclo-
sure with an 1nert gas.

2. A radiation image detector according to claim 1

wherein said inert gas 1s N.,.

3. A radiation 1mage detector according to claim 1
wherein said enclosure comprises a gas inlet arranged for
coupling to a gas container and a gas outlet.

4. A radiation image detector according to claim 1
wherein said means for flushing said enclosure with inert gas
comprise means for circulating said gas 1nside said enclo-
Sure.

5. A detector according to claim 1 wherein said stimulat-
ing light source 1s a linear array of laser diodes.

6. A detector according to claim 1 wherein said array of
transducer eclements 1s a linecar array of charge coupled
device elements.

7. A detector according to claim 1 wherein said phosphor
screen comprises a divalent europium activated cesium
halide phosphor wherein said halide 1s at least one of
chloride and bromide.

8. A detector according to claim 1 wherein said photo-
stimulable phosphor screen i1s obtained by the following
Steps:
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mixing CsX with between 107> and 5 mol % of a
Europium compound selected from the group consist-
ing of EuX',, EUX'; and EuOX', X' being a halide
selected from the group consisting of F, Cl, Br and I,

firing the mixture at a temperature above 450° C.

cooling said mixture and

recoving the CsX:Eu phosphor.
9. A detector according to claim 1 wherein said phosphor

screen 1s obtained by the steps of

preparing said CsX:Eu phosphor by firing a mixture of
said CsX with between 10~ and 5 mol % of an
Europium compound selected from the group comsist-
ing of EuX',, EuX'; and EuOX', X' bemng a halide
selected from the group consisting of F, Cl, Br and I and
applying said phosphor on a substrate by a method
selected from the group consisting of physical vapour
deposition, thermal vapour deposition, chemical
vapour deposition, radio frequency deposition and
pulsed laser deposition.
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10. A detector according to claim 1 wherein said phosphor
screen 1s obtainable by the steps of

bringing multiple containers of said CsX and an

Europium compound selected from the group consist-
ing of EuX',, EuX'; and EuOX', X' being a halide
selected from the group consisting of F, Cl, Br and I 1n
condition for vapour deposition and

depositing, by a method selected from the group consist-

ing of physical vapour deposition, thermal vapour
deposition, chemical vapour deposition, electron beam
deposition, radio frequency deposition and pulsed laser

deposition, both said CsX and said Europium com-
pound on a substrate 1 such a ratio that on said
substrate a CsX phosphor, doped with between 10~ and
5 mol % of an Europium compound, 1s formed.
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